Abstract. In this talk we review the current experimental status of electron-positron annihilation into π + π − η as well as the theoretical models to describe the data. Application of the CVC hypothesis to get the τ − decay to π − π 0 η branching fraction is discussed and its values from the different experiments is listed.
Introduction
The data on the e + e − annihilation in the energy region below 2. − 2.5 GeV is the main source of information about properties of the light vector meson and is of great interest for a better understanding of the light quark interactions. For the process e + + e − → π
the main mechanism of production proceeds through one intermediate state ηρ(770) 1 which makes the precise measurements of the cross section of the reaction ( 1) of great importance for the determination of the ρ(1400) and ρ(1700) parameters. Also data on e + e − → π + π − η can be used to test the conservation of the vector current (CVC) hypothesis.
The reaction (1) was first observed at the end of 70's in the DM1 experiment [1] and since that time it was studied by Orsay [2] , Novosibirsk [3] [4] [5] [6] groups and by the BaBar collaboration [7, 8] . From a theoretical point of view the ηππ production in the e + e − -annihilation and τ-lepton decay was discussed in [4, [9] [10] [11] using different approaches.
The paper is organized as follows. In Sec. 2 the theoretical approaches to describe hadronic currents γ * → π + π − η are described. The experimental data are reviewed in Sec. 3. Sec. 4 is devoted to the CVC study and comparison with the spectral function of the τ − → π − π 0 ην τ decay. The rare decay φ → π + π − η is the subject of Sec 5.
successful description of hadronic interactions. At higher energy there is no a similar framework and we have to rely on some phenomenological models. Three theoretical models have been applied to study the process (1) and they are shortly described below. The corresponding cross section can be written as [5] σ(s) = 4α
where q is the 4-momentum of the π + π − system and P
. The transition form factor F(s) describes the vertex γ * → ηρ and takes the form:
where g V e iφ V = g Vρη /g Vγ , g Vρη and g Vγ are the coupling constants for the transitions V → ρη and V → γ * , respectively. Here the energy dependence of the ρ meson widths is driven by two-pion loops
Since the coupling constants are not expected to have sizable imaginary parts, the fit to the experimental data is done assuming the phases φ ρ(1450) and φ ρ(1700) equal to zero or π (if the reference ρ(770) phase is put equal to zero). The SND Collaboration analysis [5] favours φ ρ(1450) = φ ρ(1700) = π. Notice that the fit with ρ(1700) is slightly better than without it; however, the value obtained for g ρ(1700) deviates from zero by only 2σ.
The description of the process (1) within the framework of the Resonance Chiral Theory (RChT) is presented in [9, 10] . RChT is based on the ChPT approach with the explicit inclusion of the vector and axial-vector resonances. Its main features can be summarized in two points: 1) the RChT Lagrangian contains the ChPT one and hence the RChT amplitudes satisfy chiral symmetry and match the chiral amplitudes at low energies; 2) the high-energy amplitude of the hadronic form factors provided by RChT is suppressed, as enforced by QCD.
The ηππ production in the RChT framework is described by the diagrams in Fig. 3 . Leaving only the diagram 4d), we obtain the VMD approach. In Ref. [9] , in addition to the photon propagation, only the lightest ρ(770) resonance was considered. Comparison with experimental data [1] [2] [3] [4] 7] demonstrates fair agreement in the energy region from the ηρ threshold to 1.4 GeV (Fig. 4 , left panel). An extended approach to study the reaction e + e − → π + π − η(π 0 ), including the excited ρ(1450) and ρ(1700) mesons as well as tiny isospin symmetry breaking effects, was proposed in [10] . In order to obtain the values of the model parameter, fits based on different sets of e + e − → π + π − π 0 and e + e − → π + π − η data were carried out. For details, see Section VII of [10] . Comparison between the theoretical prediction for the cross section of process (1) and the experimental data is presented in Fig. 4 , right panel. Notice, in addition, that the fit favors an higher mass for the ρ(1450) resonance (M ρ = 1.55 GeV instead of its PDG value M ρ = 1.465(25) GeV) and lower width (Γ ρ = 0.238 GeV instead of its PDG value Γ ρ = 0.400(60) GeV). Also the contribution of the ρ(1700) is one half that of the ρ(1450).
The reaction (1) within the extended nonlocal version of the Nambu-Jona-Lasinio (NJL) model studied in [11, 12] and the corresponding Feynman diagrams are shown in Fig. 5 . The standard NJL model describes the physical processes via an intermediate states of a virtual photon and ρ and ω mesons in its ground state. The contribution of the first radially excited meson states is included in the extended NJL model [13] and provides a reasonable good description of a wide range of physical process for energy region up to about 1.5 GeV [12] .
Hadronization mechanism to produce ηππ is presented in Fig. 6 . The VMD approach could be directly obtained from the NJL model by taking into account only the diagram with the triangle loops. Precise formulae for the cross section can be found in Section III of [11] . Numerical values of the model parameters are fixed in Eq.(4) of [11] whereas for the resonance masses and widths their PDG values are chosen. The comparison with the BaBar data is presented in Fig. 7 . Comparison between the experimental data for e + e − → π + π − η and the theoretical prediction based on the RChT approach. The left panel corresponds to the propagation via γ + ρ(770), the right one to the elaborated model used in Ref. [10] . The figures are taken from [9, 10] . 
Experimental data
As the η meson is a short lifetime particle it is observed decaying either in π + π − π 0 or via its γγ decay. Therefore the process (1) contributes to the reactions: Figure 7 . Comparison of the extended NJL model prediction with the BaBar experiment data [7] . The figure is taken from [11] .
EPJ Web of Conferences
The reaction (1) was first observed at the end of the 70's in the DM1 experiment [1] 2 for the centerof-mass (CM) energy region 1.4 − 2.8 GeV. The DM1 experiment data analysis demonstrated that the ρη production only via the intermediate ρ(770) resonance [15] , predicts a cross section of about 0.5 nb, an order of magnitude below the experimental data. To solve the problem, the production via the intermediate ρ (1600) was added. The ND Collaboration [3] studied the process in the CM energy region 1.05 − 1.40 GeV and showed the same excess of production compared with the theoretical prediction [15] for energies above 1.35 GeV, see Fig. 8 , confirming the hypothesis that the main contribution in this energy region comes from the intermediate ρ (1600) meson.
Further comparison of the ηρ mass spectrum in diffractive photoproduction [16] and e + e − -annihilation has brought to the idea of the existence of two ρ resonances with a mass of 1.47 GeV and 1.70 GeV [17] . This parametrization has been described in Sec. 2 and since the DM2 experiment it is the generally accepted pattern in the ηππ data analysis.
Later the process was studied by Orsay (DM2 Collaboration) [2] and Novosibirsk groups (SND, CMD groups) [3, 4] . The most recent measurements were performed at the VEPP-2000 collider by the SND group [5] for the CM energy range from 1.22 to 2.00 GeV (the η meson is recontructed via the two-photon mode) and at B-factory with the BaBar detector using the initial state radiation technique [7] in the (1.025; 2.975) GeV CM energy region (the η meson is recontructed via three-pion mode). Systematic uncertainties of about 8% at BaBar [7] and below 8.3% by the SND experiment were reported. The preliminary results from BaBar using the η → γγ channel [8] and from the CMD-3 collaboration using both η → π + π − π 0 and η → γγ decay modes have been presented recently [6, 8] . As seen from Figs. 2, 9 all measurements are consistent. The cross section shows a steep rise starting from the ηρ(770) threshold, peaking at about 1.5 GeV, and then decreases with increasing energy. The measured e + e − → ηπ + π − cross section was fitted using the VMD model (see Section 2) with and without ρ(1700) contribution. Based on the fit results one cannot draw a definite conclusion that at the current statistics the ρ(1700) contribution is needed for the description of the data.
Check of the CVC hypothesis
The data on electron-positron annihilation with ηππ production can be used to estimate the branching fraction of the τ − → ηπ − π 0 ην τ decay [19] and test of the CVC hypothesis. The hypothesis of conserved vector current [18] and isospin symmetry is based on two assumptions: first, it assumes that the isovector part of the electromagnetic current and the vector part of the hadronic weak current are only different components of the same isospin current and, second, that the three components of this isospin current are conserved. As a consequence, hadronic currents describing vector τ decays and hadronic low energy (up to the τ lepton mass) e + e − -annihilation are related and can be obtained one from the other.
Applying CVC for the e + e − → π + π − η data one obtains the branching fraction of the τ − → π − π 0 ην τ decay:
where S EW is an electroweak correction and the V ud is the ud element of the Cabibbo-KabayashiMaskawa matrix. The estimate for Br((τ − → π − π 0 ην τ ) is summarized in Table 1 . As one can see the branching ratio derived from the e + e − CMD-2 and old data data is in agreement with the world average experimental value whereas the predicted BaBar value is slightly above it. A possible source of this difference might be an yet unknown isospin breaking corrections. (1) cross section for the CM energy near the φ meson mass is necessary for the search of the rare φ → ηπ + π − decay. This latter is both OZI suppressed and G-parity violating. Its branching ratio has been theoretically estimated within VMD: [21] and its influence on the ηπ + π − cross section is shown in Fig. 10 . Experimentally the upper limit was measured by the CMD-2 Collaboration and is Br(φ → ηπ
−5 90% CL [22] . Therefore the current experimental upper limit is about 50 times above than its theoretical prediction.
Conclusion
Summarizing, during the last decade the process of e + e − → ηπ + π − has been studied both by theoreticians, using the description based on the Resonance Chiral Lagrangian or the extended NambuJona-Lasinio model, and by experimental collaborations. The data sets at energies 1. − 2. GeV have been collected in e + e − -annihilation by the CMD and SND Collaborations (Novosibirsk, VEPP-2M collider) and using the radiative return technique at the SLAC B-factory with the BaBar detector. The systematic uncertainty has been decreased substantially compared with the old experiments and reached the level below 8% (the preliminary analysis by CMD-3 claims even a 5% level). The data of the three experiments are in agreement. However, a more detailed study based on the cross section approximation proposed in Ref. [19] might be applied for a better comparison between the data in whole energy region.
To fit the measured cross section, the VMD model with three isovector states ρ(770), ρ(1450) and ρ(1700) has been used. However, the currents statistics does not allow to conclude whether the ρ(1700) is necessary to reproduce the data or new more precise measurements at energies above 1.4 GeV would be necessary to study the region in detail. This study will require an estimate of a background related with the production via a 2 (1320), ρ(1400; 1700) → a 2 π, but to our knowledge the corresponding process has not yet been calculated theoretically.
Also new measurements at low energies near the φ meson region are important to improve our knowledge about the rare decay φ → ηπ + π − (the upper experimental limit is 50 times higher than the theoretical prediction). This is planned to be done at the KLOE-2 experiment.
Assuming the isospin invariance the e + e − → ηππ cross section via the CVC relation predicts the branching ratio τ − → ηπ − π − ν τ . Therefore comparison between the predicted value and its measured value would allow to test the CVC hypothesis. Currently the branching ratio derived from the CMD-2 and old e + e − data is in agreement with the average experimental value whereas the predicted value based on BaBar data is slightly above it. A possible source of this difference might be due to not yet calculated isospin-breaking corrections.
Last but not least, the ηππ contribution gives about 5% to the total hadronic cross section at energy √ s = 1.5 GeV and therefore gives a non-negligible contribution to the anomalous magnetic moment of muon, (g − 2) µ .
